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Figure 1 Map of Hawaii's Electric Utility Service Territories (from 



















































































































































































































Figure 2 Graph showing the total installed PV capacity of the top 10 countries in gigawatts with the 2015 



































































































































































































































































Figure 3 Diagram showing a hierarchical CES 




















































































































































































Figure 4 Graph of PV Permits issued from 2012 to 2016 on Oahu showing a significant drop, with 



















































































































































































































































































































Figure 5  Map of United States showing average annual solar potential for a fixed-tilt, 




































































































































































































































































































































































































































Figure 7 Locational value map of Maui showing areas with greater than 250% of the daytime minimum 
load requirement provided by distributed generation (from “Locational Value Maps”, 2013).	
Figure 8 Locational value map of Maui showing areas with greater than 75% of the 

































Figure 9 Map of spatial patterns of mean annual solar radiation in Hawaii 
(from "Solar Radiation of Hawaii.", 2014).	
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megawatts	of	power	("Solar	Energy	and	Solar	Power	in	Hawaii",	2017	&	"Project	Sunroof	-	Data	
Explorer	|	Hawaii”,	2017).		These	statistics	are	greater	than	the	average	solar	radiation	levels	and	
rooftop	percentages	for	both	Michigan	and	California,	however,	the	average	estimated	PV	
capacity	is	much	lower	indicating	available	rooftop	area	is	limited	in	Hawaii.		However,	
considering	these	statistics	compared	to	each	state’s	consumption	levels	shows	the	production	
capacity	of	each	state	to	be	relatively	the	same.		For	example,	California’s	average	solar	capacity	
of	133	thousand	megawatts	of	power	generated	from	87	percent	of	viable	roofs	is	equal	to	4	
thousand	megawatts	of	power	generated	from	94	percent	of	the	roofs	in	Hawaii	because	the	
average	annual	consumption	in	California	is	about	30	times	higher	than	in	Hawaii.		Therefore,	
the	data	represented	in	this	section	shows	substantial	potential	for	the	growth	of	solar	PV	
generation	in	Hawaii	since	Hawaii	has	the	highest	annual	solar	radiation	between	these	three	
states.	
Hawaii’s	ability	to	implement	successful	solar	CES	projects	was	analyzed	by	using	the	five	
criteria	mentioned	earlier	and	showed	promising	potential	for	the	development	of	the	solar	CES	
industry	since	each	criterion	was	met	by	equal	or	higher	standards	than	the	Detroit	and	
Sacramento	solar	CES	projects.				Therefore,	a	model	similar	to	the	DTE	or	SMUD	pilot	project	
should	be	used	and	the	recommendations	for	future	projects	these	reports	provide	should	be	
followed	in	Hawaii.		These	recommendations	include	determining	the	exact	amount	of	battery	
storage	needed	to	produce	a	desired	amount	of	energy	before	the	project	is	implemented	so	the	
responsible	organization	does	not	invest	in	a	larger	storage	system	that	is	not	fully	utilized.		Also,	
SMUD	recommends	the	improvement	of	time	series	load	modeling	and	weather/irradiance	
modeling	that	was	used	in	the	Anatolia	pilot	project	(Rawson	&	Sanchez,	2015).	Both	pilot	
projects	suggest	using	the	algorithms	provided	in	that	study	to	create	and	develop	new	
algorithms	that	promote	the	smoothing	of	demand	curves	and	that	can	be	integrated	into	
distributed	energy	resource	management	systems	(DERMS)	to	determine	greatest	economic	
value	for	distributed	energy	storage	and	to	manage	distributed	assets	(“DTE	Energy”,	2015).		
These	suggestions	can	be	used	for	future	implementation	of	solar	CES	projects	in	Hawaii.		The	
following	is	a	summary	of	the	recommendations	proposed	in	this	section:	
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Summary	of	Recommendations:	
§ Communicate	benefits	that	solar	CES	projects	provide	to	utilities	
§ Invest	in	unique	solutions,	like	solar	CES,	instead	of	upgrades	to	current	systems	
§ Solar	CES	projects	can	provide	grid	resiliency	that	benefits	utilities	that	earn	
revenue	through	market-based	performance	measures	
§ Clearly	laid	out	rules	and	regulations	for	community	solar	programs	allow	for	easy	
participation	
§ Locations	with	the	most	reported	annual	solar	radiation	and	the	highest	
overloading	of	distributed	solar	generation	will	benefit	most	from	the	
implementation	of	a	solar	CES	project	
§ Applying	lessons	learned	from	these	pilot	projects	to	future	solar	CES	projects	will	
allow	for	the	creation	of	a	reliable	model	and	increased	success	
o Determine	exact	amount	of	battery	storage	needed	so	to	not	over	or	
undersize	a	system	
o Improvement	of	time	series	load	modeling	and	weather/irradiance	
modeling	
o Develop	algorithms	that	promote	smoothing	of	demand	curves	
	
With	these	recommendations	taken	into	consideration,	a	successful	solar	CES	pilot	
project	can	be	implemented	in	Hawaii	within	the	four	different	utility	commissions.		Hawaii	has	
more	potential	for	the	adoption	of	solar	CES	projects	than	many	other	states	because	of	the	high	
electricity	rates	that	are	encouraging	customers	interest	in	solar	power	and	the	segmented	
power	grids	that	are	motivating	the	development	of	energy	storage	in	response	to	the	limited	
capacity	of	each	electricity	grid.		Battery	storage	systems	are	following	the	trend	of	solar	PV	and	
already	showing	dramatic	decreases	in	prices	that	will	likely	lead	to	the	affordability	of	solar	
energy	storage	systems	in	the	coming	years.		The	integration	of	community	solar	programs	
needs	updated	policy	structures	that	follow	the	regulations	of	Colorado’s	shared	renewable	
programs	as	these	are	the	most	reliable	and	successfully	replicable	models.	Results	from	these	
pilot	projects	can	be	used	to	establish	what	alternations	need	to	be	made	to	these	models	to	
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allow	storage	to	be	a	successful	component	in	solar	CES	programs	in	Hawaii.		The	time-of-use	
energy	management	system	implemented	in	the	Sacramento	Anatolia	project	should	be	
replicated	in	future	solar	CES	projects	in	Hawaii	to	ensure	a	decrease	in	customers’	utility	bills.		
This	will	encourage	the	growth	of	community	solar	and	energy	storage	as	a	way	to	stabilize	the	
grid	while	transitioning	off	the	dependence	of	imported	fossil	fuels	that	causes	Hawaii	to	have	
the	highest	electricity	rates	in	the	nation.			
	
7.2:	Conclusion	
	
Solar	power	has	finally	matured	into	an	industry	that	is	becoming	economically	
competitive	in	the	energy	market.		Variations	to	standard	solar	PV	systems	like	community	solar	
and	solar	energy	storage	projects,	however,	are	just	starting	to	take	off	and	best	practices	for	
implementation	of	these	types	programs	have	not	been	fully	developed.		Therefore,	further	
research	on	community	energy	storage	technologies	and	their	interaction	with	solar	power	are	
recommended	to	implement	a	successful	solar	CES	project.		Ultimately,	the	addition	of	solar	CES	
projects	to	Hawaii’s	energy	industry	will	make	their	aggressive	renewable	goal	a	more	achievable	
reality	but	will	require	policy	adjustments	and	program	modeling	that	can	be	derived	from	
current	successful	pilot	projects.			
Despite	the	limitations	stemming	from	the	lack	of	reported	research	in	the	area	of	solar	
community	energy	storage,	the	analysis	provided	in	this	paper	can	be	used	to	assess	the	success	
of	other	solar	CES	projects	going	forward.		With	PV	generation	providing	35	percent	of	the	
renewable	energy	in	Hawaii	in	2015,	it	is	imperative	that	community	solar	and	storage	
techniques	be	adopted	to	decrease	overload	to	the	grid	and	help	Hawaii	reach	their	100	percent	
renewable	energy	goal	by	2045	(“State	of	Hawaii	Energy	Resources	Coordinator’s	Annual	Report	
2015”,	2016).		Solar	energy	storage	has	proven	capabilities	to	stabilize	the	grid	by	storing	solar	
power	during	off-peak	hours	and	using	the	stored	energy	during	peak-hours	when	retail	rate	
electricity	is	at	its	highest.		When	solar	energy	storage	systems	are	implemented	into	a	
community	setting	they	essentially	act	as	a	small	grid,	or	microgrid,	that	can	store	and	supply	
energy	to	surrounding	consumers	without	the	development	of	a	complicated	distribution	and	
transmission	system.		This	technology	is	specifically	applicable	to	Hawaii’s	energy	industry	
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because	community	solar	can	help	expand	the	adoption	of	solar	power	to	consumers	that	have	
financial	or	structural	constraints,	while	solar	energy	storage	can	help	relieve	the	overload	to	the	
grid.		The	combination	of	these	solar	technologies	can	help	Hawaii	reach	their	renewable	
portfolio	goal.		By	utilizing	the	recommendations	compiled	from	the	results	of	the	Detroit	Edison	
and	SMUD	projects	Hawaiian	Electric	and	other	major	utilities	will	be	able	to	integrate	solar	CES	
projects	in	Hawaii	and	provide	a	model	that	can	guide	other	markets	towards	the	development	
of	solar	community	energy	storage	programs	as	well.			
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